chilla in the late Holocene of Argentina (Ortiz et al., 2012) .
The oldest known Chinchillidae is Eoviscaccia (traditionally considered a lagostomine; Vucetich, 1989) , from the early Oligocene (Tinguirirican) of Chile (Flynn et al., 2003; Bertrand et al., 2012) , the late Oligocene (Deseadan) of Argentina and Bolivia (Vucetich, 1989 (Vucetich, , 1991 Bond et al., 1998) and the early Miocene (Colhuehuapian) of Argentina (e.g., Kramarz, 2001; Kramarz et al., 2005) . The nature of the relationship between Eoviscaccia and the remaining Chinchillidae is unclear (see Kramarz et al., 2013) . Moreover, two Chinchilloidea with possible affinities with Eoviscaccia were recently described (Kramarz et al., 2013; Vucetich et al., 2015) and could represent taxa closely related to the early radiation of Chinchillidae. A more comprehensive analysis of Chinchilloidea is necessary in order to test the phylogenetic position of these basal taxa.
Two undoubted lagostomines are recognized in the early Miocene-middle Miocene ('Pinturan'-Colloncuran): Prolagostomus from Argentina, Bolivia and Chile (e.g., Ameghino, 1887 Ameghino, , 1889 Scott, 1905; Vucetich, 1984; Flynn et al., 2008; Croft et al., 2009 Croft et al., , 2011 , and Pliolagostomus from Argentina (Ameghino, 1887; Vucetich, 1984) .
Lagostomines recorded from the late Miocene to Recent were traditionally included in the genus Lagostomus (see Francis and Mones, 1965 , 1966 , 1968 . Besides, two subgenera were recognized: Lagostomopsis, from the late Miocene to late Pliocene, and Lagostomus, from the late Pliocene to Holocene (e.g., Kraglievich, 1926; Vucetich and Verzi, 1995; Cione and Tonni, 2001; Cione et al., 2000; Candela, 2005) . Nevertheless, some authors consider Lagostomus and Lagostomopsis separate genera (e.g., Kraglievich, 1934; Pascual, 1966) .
Lagostomines are very frequent in vertebrate continental associations from the late Miocene-Holocene in the Pampean area (e.g., Bondesio et al., 1980; Vucetich, 1986; Vucetich and Verzi, 1995; Cione and Tonni, 1999) .
Nevertheless, little attention has been placed upon the systematics of the Lagostominae at the species level since the contributions of Ameghino (1883 Ameghino ( , 1886 Ameghino ( , 1888 Ameghino ( , 1889 Ameghino ( , 1891 Ameghino ( , 1908 and Rovereto (1914) . Perhaps it is for this reason that their inclusion in biostratigraphic studies has only been at a supraspecific level (e.g., Kraglievich, 1934; Cione and Tonni, 1999) . Ameghino (1908) described seven lagostomine species from 'Piso Chapalmalense' (sensu Ameghino, 1908; see below) which he included in the genus 'Viscaccia' (a junior synonym of Lagostomus; see Jackson et al., 1996) : Viscaccia euplasia, V. compressidens, V. definita, V. indefinita, V. loberiaense, V. arcuata and V. chapalmalense. The species described for 'Piso Chapalmalense' (Ameghino, 1908) do not boast precise stratigraphic or geographic provenance, Lagostomus incisus being the only confirmed species for the Chapadmalal Formation (sensu Kraglievich, 1952 ; see Rasia and Candela, 2013) .
In the present work, numerous unpublished specimens of chinchillids from the Chapadmalal Formation (Upper Chapadmalalan Stage/Age, late Pliocene; e.g., Cione and Tonni, 2001 ) with accurate geographic and stratigraphic provenance were studied and compared with the holotypes of the species previously described for 'Piso Chapalmalense', other fossil species of Lagostomus and with the living L. maximus.
A new taxonomic proposal for the Chapadmalalan vizcachas is hereby provided on such basis. This systematic study will favor a better comprehension of fossil lagostomines from an evolutionary and biostratigraphic perspective.
MATERIAL AND METHODS

Lagostomine remains recovered from the Chapadmalal
Formation (see Systematic Paleontology for precise stratigraphic provenance of each specimen), from the Atlantic coastal area between Punta Mogotes (near Mar del Plata) and Punta Hermengo (near Miramar) in Buenos Aires Province, Argentina (Fig. 1) , were studied. Such material was compared with the available holotypes of the species previously recognized for 'Piso Chapalmalense' (see Ameghino, 1908) ; that is, 'Viscaccia compressidens', 'V. indefinita', 'V.
The holotype of 'V. arcuata' could not be found. Comparisons with holotypes and referred material of Lagostomus species from other stratigraphic units, i.e., L. pretrichodactyla (including 'V. angulata' and 'V. insolita'; see Marshall and Patterson, 1981), L. antiquus, L. laminosus, L. debilis, L. minimus, L. heterogenidens, L. cavifrons, L. egenus and Lagostomus maximus, were also established (see Appendix 1).
'Lagostomus pallidens', from the late Miocene of Entre Ríos Province, is considered nomen vanum (see Nasif et al., 2013; Rasia, 2016) .
Nominal species originally referred to as 'Viscaccia' -a RASIA AND CANDELA: VIZCACHAS FROM THE CHAPADMALAL FORMATION 51 52 junior synonym of Lagostomus, see Jackson et al. (1996)- are mentioned between quotation marks. Invalid species (i.e., synonyms, nomina dubia and nomina vana) are also referred to between quotation marks. Quantitative analysis. We used two linear measurements for the upper (P4-M3) and lower (p4-m3) cheek teeth: the anteroposterior diameter (APD) and the transverse diameter (TD) (see Supplementary Material). Linear measurements were log-transformed and analyzed by means of a principal components analysis (PCA) based on a correlation matrix. Analyses were performed using the free access program Past 3.07 (Hammer et al., 2001) . Missing data were replaced by iterative imputation (see Ilin and Raiko, 2010) using Past 3.07. Because of the fact that most of the specimens of maxillary fragments and mandibles are not associated, for upper and lower dentition, separate analyses were performed. To evaluate whether PC1 and PC2 of upper and lower cheek teeth proved significantly different among the species from the Chapadmalal Formation, KruskallWallis tests (non-parametric ANOVA) were performed via PAST 3.07. Map showing fossil localities in Buenos Aires Province, Argentina. 1, Las Vertientes; 2, Playa Serena; 3, Los Acantilados; 4, Barranca Los Lobos; 5, Las Palomas; 6, Playa de los Lobos; 7, La Estafeta; 8, Arroyo Seco; 9, San Eduardo; 10, Barranca Parodi; 11, Baliza Chica.
Institutional abbreviations. MACN-A,
GEOLOGICAL AND STRATIGRAPHICAL CONTEXT
Coastal cliffs between Mar del Plata and Miramar (Buenos Aires Province, Fig. 1 ) span an exposition of more than 30 kilometers of 12 to 25 meters of thickness. In this area, Ameghino (1908) defined an intermediate age, between the 'Hermosense' and the 'Ensenadense', for 'Piso Chapalmalense'. Later studies significantly modified the concept of 'Piso Chapalmalense' (e.g., Risso Dominguez, 1949a,b; Kraglievich, 1952 Kraglievich, , 1959a see Taglioretti et al., 2014; Isla et al., 2015 , for a comprehensive account of studies on this subject).
Eight litostratigraphic units are recognized along the cliffs: formations Chapadmalal, Barranca de los Lobos, Vorohué, San Andrés, Miramar, Arroyo Seco, Santa Isabel and Lobería (e.g., Kraglievich, 1952; Tonni, 1996, 2001 ).
The Chapadmalal Formation is the oldest unit cropping out in this area and it is composed of fine to very fine red limestones deposited in a subaerial environment. Kraglievich (1952) divided the Chapadmalal Formation in alternating levels (level I to level XV) of fine sandstones (uneven levels, 1-1.5 m thick) and very fine sandstones with a high proportion of limestones (even levels, 0.5-1.5 m thick). Zárate (1989) subdivided the Chapadmalal Formation into two alloformations and recognized seven paleosoils (P1 to P7).
The Playa San Carlos Alloformation includes paleosoils P1 to P5 while the Playa Los Lobos Alloformation includes paleosoils P6 and P7 (Fig. 2) .
The biostratigraphic basis of the Upper Chapadmalalan
Stage/Age (late Pliocene) is the 'Paraglyptodon chapadmalensis zone' and it extends from the base of the Chapadmalal Formation (paleosoil P1) to paleosoil P5 (see Tonni, 1995a,b,c, 2001 ).
Datings of paleosoil P6 indicated an estimated age of 3.27 (±0.08) Ma (Schultz et al., 1998) . Zárate (2005) estimated an age of 4.5 to 3.2 Ma for the Chapadmalal Formation.
The material hereby studied was recovered from several levels of the Chapadmalal Formation ( Ameghino (1908) described seven species from 'Piso Chapalmalense', included them in the genus 'Viscaccia' (see above) and mentioned that some undetermined specimens were very similar to 'Lagostomus spicatus' (Ameghino, 1908, p. 424) , a junior synonym of Lagostomus incisus (see Rasia and Candela, 2013 ; see also Fig. 3 ). Kraglievich (1926) studied specimens of lagostomines from the Chapadmalal Formation previously studied by Ameghino (1908) and created, based on cranial and postcranial characteristics, the subgenus Lagostomopsis. Within this subgenus, Kraglievich (1926) included all the Chapadmalalan species of Lagostomus and, in the same contribution, introduced the possibility of also including all preChapadmalalan species (i.e., those from the Monte Hermoso Formation and from 'Araucanense' and 'Mesopotamiense'; see Ameghino, 1883 Ameghino, , 1886 Ameghino, , 1888 Ameghino, , 1891 Rovereto, 1914) .
PREVIOUS STUDIES OF THE CHAPADMALALAN VIZCACHAS
In a later work, Kraglievich (1934) proposed Lagostomopsis as a separate genus. Nevertheless, Francis and Mones (1965 , 1966 , 1968 considered that the differences between Lagostomus and Lagostomopsis were not sufficient to differentiate two genera and thus maintained Lagostomopsis as a subgenus of Lagostomus.
Recently, Rasia and Candela (2013) reported the presence of Lagostomus incisus, originally described for the Monte Hermoso Formation (Buenos Aires Province; Ameghino, 1888) , in the Chapadmalal Formation.
Following the proposal of Francis and Mones (1965 , 1966 , 1968 , all recognized Chapalmalalan species (see Figs. 3-5) are herein considered as belonging to the genus Lagostomus.
SYSTEMATIC PALEONTOLOGY
Order RODENTIA Bowdich, 1821 Suborder HYSTRICOGNATHI Tullberg, 1899 Infraorder CAVIOMORPHA Wood and Patterson in Wood, 1955 Family CHINCHILLIDAE Bennett, 1833 Subfamily LAGOSTOMINAE (Wiegmann, 1835) Genus Lagostomus Brookes, 1828 Type species. Lagostomus trichodactylus Brookes, 1828 (=Dipus maximus Desmarest, 1817 . Ameghino, 1888 Burmeister. 1914 . Viscaccia incisa (Ameghino) , Rovereto, p. 137. 2013 . Lagostomus spicatus Ameghino, Rasia and Candela, p. 244. 2013. Lagostomus (Lagostomopsis) incisus (Ameghino) , Rasia and Candela, p. 244. 2013 . Lagostomus intermedius Moreno, Rasia and Candela, p. 244. Holotype. MACN-A 1112, incomplete skull with complete dentition. Monte Hermoso Formation (early Pliocene). Recently, Rasia and Candela (2013) , following Mones's (1986) statement assuring that the holotype was lost, designated MACN-A 1112 as the neotype of Lagostomus incisus. However, according to Ameghino (1888 Ameghino ( , 1889 ; also Kramarz pers. comm.), the specimen MACN-A 1112 is the original holotype. Thus, it is hereafter pertinent to rectify the taxonomic assignation of MACN-A 1112 as the holotype of L.
Lagostomus incisus
incisus instead of the neotype of this species . Note that, in both cases, the material considered as type (herein) or neotype (previously) is the same specimen. Specimens identified with an asterisk (*) were already referred to Lagostomus incisus by Rasia and Candela (2013) . 
Lagostomus incisus has also been recorded in Farola
Monte Hermoso (see Ameghino, 1888; Rasia and Candela, 2013) and Cascada Grande (see Rasia and Candela, 2013) in Buenos Aires Province. 
Lagostomus incisus have also been recorded in the
Monte Hermoso Formation (early Pliocene; see Ameghino, 1888; Rasia and Candela, 2013) and in the Irene 'formation' (Pliocene?; see Rasia and Candela, 2013 but also Prevosti and Pardiñas, 2009 , for further discussion regarding the age of the Irene 'formation'), both in Buenos Aires Province.
Diagnosis. See Rasia and Candela (2013, p. 245) and Rasia (2016, p. 90-91) . The diagnoses proposed by Rasia and Candela (2013) could be, after a complete revision of the species of Lagostomus is concluded, reassessed in further contributions. Rasia and Candela (2013) recently presented an emended diagnosis and redescription of this species (see also Rasia, 2016) . Therefore, herein, we comment only on some aspects of the anatomy which were not discussed in the abovementioned works.
Description and comparisons
Skull. In contrast with Lagostomus maximus or L. euplasius (Fig. 4.3) , the ventral surface of the zygomatic arch is straight ( Fig. 3.3 ).Yet, both present a ventral projection near the maxillo-jugal suture.
Postcranial skeleton. The calcaneus of Lagostomus incisus
presents a secondary sustentacular facet akin to the one described by Candela and Picasso (2008) for the living chinchillids L. maximus and Chinchilla.
Comments
Several species have been synonymized with Lagostomus incisus (see Ameghino, 1889; Rasia and Candela, 2013 ).
Ameghino (1889) stated that 'Lagostomus angustidens'
(created by Moreno, 1888) was not only a synonym of L. incisus but also a name previously used by Burmeister (1866) and also considered 'Lagostomus intermedius', which was described by Moreno (1888) , a synonym of 'L. spicatus'.
Later, Rasia and Candela (2013) 
with L. incisus and thus 'L. intermedius' was then considered a synonym of L. incisus. The holotypes of 'L. angustidens' (Moreno, 1888) and 'L. intermedius' are at present lost.
Most of the specimens of Lagostomus incisus studied herein were recovered from the Playa San Carlos Alloformation (sensu Zárate, 1989) while MLP-Pv 01-I-10-44 was the only specimen recovered from lower levels of the Playa Los Lobos Alloformation (Fig. 2) . The specimen MLP-Pv 88-VI-1-2 came from Las Vertientes, where levels III to XI crop out (see Kraglievich, 1952) 
Lagostomus euplasius have been also recorded in Farola
Monte Hermoso (Mones, 1980; Rasia, 2016) and Cascada Grande (Frenguelli, 1928; Rasia, 2016) , in Buenos Aires Province, Argentina, as well as in the Maldonado Department in Uruguay (Francis and Mones, 1966) . Lagostomus euplasius have been also recorded in the Monte Hermoso Formation (early Pliocene; see Mones, 1980; Rasia, 2016) , the Irene 'formation' (Pliocene?; see Rasia, 2016) and the Maldonado Formation (late Pliocene; Francis and Mones, 1966) . 
Description and comparisons
Skull. This is a small to medium sized lagostomine smaller than Lagostomus maximus, L. cavifrons, L. egenus, L. debilis, L. compressidens and L. incisus.
In comparison with the total length of the skull, the rostrum is short, thus resembling that of subadult individuals of Lagostomus maximus (Rasia, 2016) . The nasals are wide and bulky in their anterior portion and become narrower from the middle point toward the posterior portion (Fig. 4.1, (Fig. 4.3) .
4.8). Nasals are, as in
Temporal crests are long and well defined and the sagittal crest is short and well marked (Fig. 4.1 maximus, and present a posterior apophysis (Fig. 4.2) . The palate is rather vaulted, with maxillaries and palatines forming a flat surface, as in Lagostomus pretrichodactyla.
In L. maximus and L. compressidens there is a shallow depression in the maxillary between the cheek teeth alveoli and the maxillary-palatine suture.
The tympanic bullae are rounded (Fig. 4.2) , as in Lagostomus incisus and young specimens of L. maximus. In adult specimens of L. maximus, bullae are posterolateral-anteromedially elongated. The paraoccipital apohyses are strong and posteroventrally oriented (Fig. 4.3 
4.10). In Lagostomus incisus, the supracondyloid canal is
open or incomplete (see Rasia and Candela, 2013) , and in L. maximus the canal is absent (see Kraglievich, 1926) .
The calcaneus exhibits a secondary sustentacular facet distal to the sustentacular facet, as in the living chinchillids Lagostomus maximus and Chinchilla (see Candela and Picasso, 2008) . Although this secondary facet is present in other fossil species of the genus, such as Lagostomus incisus (see above), it cannot be observed in other genera of Chinchillidae (i.e., Eoviscaccia, Prolagostomus and Pliolagostomus) because of the lack of preserved postcranial elements.
Other postcranial elements do not evidence significant differences with Lagostomus maximus or with other fossil species of the genus.
Comments
Most of the material of Lagostomus euplasius herein studied was recovered from the Playa San Carlos Alloformation and from basal levels of the Playa los Lobos Alloformation (Fig. 2) The holotypes of 'Viscaccia loberiaense', 'V. definita' (Fig.   4 .6-7) and 'V. chapalmalense' (Fig. 4.11) share the presence of incisors with yellowish enamel and the lower cheek teeth features with the holotype of Lagostomus euplasius (Fig.   4.4-5) . Therefore, their synonymy is hereby proposed.
Lagostomus euplasius was reported, based on different specimens (MLP-Pv 52-X-5-54 to 63), from the Monte Hermoso Formation by Mones (1980) and Rasia (2016) .
Lagostomus compressidens (Ameghino, 1908) Figures 5.1-5, 6.5-6
Geographic provenance. The holotype and MLP-Pv 54-X-13-4 were recovered from an indetermined site between Mar del Plata and Miramar. MLP-Pv 90-VI-1-1 came from Las Vertientes (Fig. 1) .
Stratigraphic provenance. Chapadmalal Formation (upper
Chapadmalalan, late Pliocene; Fig. 2 ). Both the holotype and MLP-Pv 54-X-13-4 were recovered from 'Piso Chapalmalense' sensu Ameghino (1908) . MLP-Pv 90-VI-1-1 was collected from undetermined levels of the Chapadmalal Formation (see Comments below).
Description and comparisons
Skull. The description is mostly based on the holotype (MLPPv 54-X-13-2), which is the most complete specimen. While temporal crests are long and well developed, the sagittal crest is, as observed in subadult males and adult females of Lagostomus maximus (see Rasia et al., 2011) , short and well marked (Fig. 5.1) . The skull roof is rather 54-X-13-4) were recovered from 'Piso Chapalmalense' sensu Ameghino (1908) . The specimen MLP-Pv 90-VI-1-1 was collected from Las Vertientes (see Fig. 1 ), where levels III to XI of the Chapadmalal Formation (sensu Kraglievich, 1952) crop out (see Fig. 2 ).
Lagostomus compressidens was recorded exclusively from the Chapadmalal Formation (late Pliocene).
'Viscaccia arcuata ' Ameghino, 1908 ' Ameghino, nomen dubium 1908 . Viscacia (sic) arcuata Ameghino, p. 425. 1914 . Viscaccia arcuata Ameghino. Rovereto, p. 193. Holotype. Currently lost. Ameghino (1908) originally described this species based on skull remains and stated that it is small sized and presents a short, wide and vaulted skull. However, these features are also present in juvenile specimens of the living Lagostomus maximus and of fossil species such as L. incisus and L. euplasius. Therefore, 'Viscaccia arcuata' cannot be differentiated from other species based on such description and, given that the holotype has not been found in the MACN collection, is thus herein considered nomen dubium.
Comments
According to Mones (1986) , the specimen MACN-Pv 5983 is the holotype of this species. Nevertheless, this catalogue number corresponds to a right mandible and does not match the description of Ameghino (1908) based on skull remains.
QUANTITATIVE ANALYSIS
Upper cheek teeth. For the analysis based upon upper cheek teeth and given that all variables yield high positive loads (see Table 1 Table 1 ). The species with more anteroposteriorly com- Lower cheek teeth. In the analysis of the lower cheek teeth and given that all variables yield high positive loads (see Table 1 ), PC1 represents size. The smaller specimens present lower values while the larger ones yield higher ones (see PC2 represents variations in the APD of the m1-m3 and in the TD of the m2-m3 (see Table 1 
DISCUSSION AND CONCLUSIONS
The comparative study of unpublished material with precise stratigraphic control from the Chapadmalal Formation allowed the identification of at least three of the seven species which were originally described by Ameghino (1908) for 'Piso Chapalmalense': Lagostomus incisus, L. euplasius and L. compressidens. The first one was originally described for the Monte Hermoso Formation (Ameghino, 1888) and later reported from the Irene 'formation' and the Chapadmalal Formation . The second species was originally described for 'Piso chapalmalense' (sensu Ameghino, 1908) and later recorded in the Monte Hermoso Formation (Mones, 1980; Rasia, 2016) , the Irene 'formation' (Frenguelli, 1928; Rasia, 2016) and the Maldonado Formation (Uruguay; Francis and Mones, 1966) . The third species was described for 'Piso Chapalmalense' (sensu Ameghino, 1908) and is the only species recorded exclusively in the Chapadmalal Formation.
Ameghino (1908) Lagostomus compressidens was originally diagnosed (Ameghino, 1908) in terms of presenting compressed molars and a wide, shallow and flat palate. 'Viscaccia indefinita' is, in this study, referred to Lagostomus compressidens.
The nominal species 'Viscaccia arcuata' was described for 'Piso Chapalmalense' (Ameghino, 1908) but the fact that the holotype of this species is currently lost and the original description (very small size and a short, wide and vaulted skull) does not admit its differentiation from other species derives in its labeling as a nomen dubium. The presence of this species in the Chapadmalal Formation is not confirmed
and has yet to be re-evaluated.
The presence of Lagostomus incisus and L. euplasius in the Monte Hermoso and Chapadmalal formations (see Ameghino, 1888 , 1908 , Mones, 1980 Rasia, 2016; Rasia and Candela, 2013) indicates a Montehermosan-Chapadmalalan stratigraphic range for these two species. Additionally, the presence of L. incisus and L. euplasius in the Irene 'formation' (see Frenguelli, 1928; Rasia, 2016; Rasia and Candela, 2013) 
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The specific diversity of the Montehermosan-Chapadmalalan lagostomines (with two species in the Montehermosan and at least three in the Chapadmalalan) is less significant than what was previously proposed; that is, with two species originally described for the Montehermosan (Ameghino, 1888) and seven, for the Chapadmalalan (Ameghino, 1908) . Nonetheless, such numbers are still higher than those referred to the diversity observed in recent times, with only one species (e.g., Weir, 1974; Jackson et al., 1996) .
The study of fossil Lagostominae could provide useful biostratigraphic information for the Pampean area given the great abundance of this group of rodents in late Cenozoic continental associations for which a more precise stratigraphic provenance is now known.
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